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論 文 内 容 要 旨          
 Earth’s atmosphere is the responsible for life in the planet.  Or to be more precise, it is the responsible for the 15 °C of averaged 
temperature that makes life possible, because without the atmosphere, the temperature of the planet (also known as the effective 
Earth’s temperature) would be too cold (about -15 °C) to survive.  The remarkable fact is that this difference of 30 C° needed to 
sustain life is due to gases that together constitute just 0.52% of the atmosphere’s composition.  These gases are known as 
greenhouse gases (GHG) for causing an effect in Earth similar to that of a greenhouse.  Among these GHG we find water vapor 
(H2O), carbon dioxide (CO2), methylene (CH2), and nitrous oxide (N2O).  The gases that constitute most of the atmosphere of the 
Earth, namely, nitrogen (N2) (78.1%) and oxygen (O2) (20.9%), are invisible to the incoming and outgoing heat radiation of the planet.  
In contrast, GHG are opaque to most of the outgoing heat radiation coming from the surface of the Earth in the form of infrared 
radiation.  This causes a reflection of the heat radiation back to the surface (this reflected radiation is known as back radiation, and it 
is the reason for the association with the greenhouse effect).  This “extra” radiation (in top of the radiation coming straight from the 
sun) causes the desired increase in temperature following the Stefan-Boltzmann law.  The average temperature of 15 °C mentioned 
previously is associated to the “natural” concentrations of GHG in the atmosphere; concentrations that have been changing and 
adapting along with the evolution of the planet.  If these natural concentrations are altered, an adjustment in temperature is to be 
expected.  In fact, evidence showing that human activities have started changing those GHG natural concentrations and therefore 
also global temperature has been found.  Among the concentrations of GHG in the atmosphere, the concentration of carbon dioxide 
is of particular high importance.  This is because it absorbs heat in a region in the spectrum where other GHG (water vapor, for 
instance) do not.  So, in a scenario with an atmosphere containing no carbon dioxide, the heat located in this part of the spectrum 
would escape from the Earth, but because of the presence of carbon dioxide, the atmosphere does not allow this heat to leave, and this 
increases the global temperature in our planet.  According to the Intergovernmental Panel on Climate Change (IPCC), human 
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influence on climate change is clear.  The evidence comes from the unprecedented levels (“in at least the last 800,000 years”) of the 
concentration of GHG in the atmosphere.  These levels in 2011, 391 ppm (parts per million) for carbon dioxide, 1,803 ppb (parts per 
billion) for methane, and 324 ppb for nitrous oxide, were reported to exceed the levels registered before industry by about 40%, 150%, 
and 20%, respectively.  In order to limit global climate change, a reduction in anthropogenic GHG emissions is imperative.  
Worldwide initiatives to reduce GHG emissions, led by the United Nations (UN), started in 1979 when the first World Climate 
Conference took place.  Since then, different treaties proposing strategies and plans to reduce emissions have been developed.  
Among these treaties we can list the Kyoto Protocol adopted in 1997, the Marrakesh Accords adopted in 2001, the Cancun 
Agreements drafted and largely accepted in 2010, and the Doha Amendment to the Kyoto Protocol adopted in 2012.  The most 
recent of these efforts is the Paris Agreement, in which countries are committing internationally to reduce a determined quantity of 
GHG emissions.  Japan is one of the countries willing to join the agreement and is committed to reduce, by 2030, 26% of its GHG 
emissions compared to 2013.  This means that if Japan were to sign the agreement, it will have to reduce its GHG emissions by 366 
Mt-CO2 between 2021 and 2030.  In 2012, the major carbon emitters in Japan were the electricity generation and transportation 
sectors.  The electricity generation sector accounted for 46% of the emissions, and the transportation sector, for 18%.  In order to 
reduce emissions associated to the transportation sector, biofuels have been proposed as an alternative to fossil fuels for their carbon 
neutrality.  This research proposes a system that uses biofuels as an alternative energy carrier to fossil fuels in the transportation sector 
in Japan.  The transportation sector has been selected over the electricity generation sector because oil is its only primary energy 
source; therefore, biofuels could contribute to improve the energy security of the transportation sector by diversifying its primary 
energy sources.  Additionally, the transportation sector is the main consumer of oil in Japan; so, introducing biofuels besides helping 
reducing GHG emissions would also help to reduce the dependency on oil of the country.  However, the technologies commercially 
available for biofuel production use edible crops as feedstock (the so-called first-generation biofuels), and this raises arguments stating 
that first-generation biofuels have negative impacts on the economy; particularly over the food sector.  This dissertation inquires into 
these arguments.  This works aims to analyze the macroeconomic impacts of the use of domestically produced first-generation 
biofuels as an alternative energy carrier for the transportation sector in Japan in order to determine whether a biofuel policy 
implementation is appropriate.  In order to achieve this aim, the following objectives have been set: compare different energy carriers 
for the transportation sector from a life-cycle perspective to identify the advantages and disadvantages of biofuels; develop an 
input-output (I-O) model to evaluate the economic changes in intermediate consumption and GDP that are consequence of the 
introduction of biofuels; develop a computable general equilibrium (CGE) model to estimate the economic impacts on the food sector 
caused by the use of first-generation biofuels; and estimate the carbon dioxide emissions reduction potential of the use of biofuels 
from a life-cycle perspective.  The energy carriers to be replaced are gasoline and diesel, and their substitutes are bioethanol and 
biodiesel, respectively.  The quantity of fossil fuel to be replaced is the amount consumed by the following sub-sectors of the 
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transportation sector: private cars, road freight transportation, hired cars and taxis, and bus transport service (for being the major 
consumers of gasoline and diesel).  The feedstocks analyzed are rice, wheat, sugar beet, and corn for bioethanol production, and 
soybeans for biodiesel production.  The input-output and CGE models were employed for their capacity of capturing and simulating 
the relationships between the agents of an economy.  The dissertation is structured as follows.  Chapter 1 presents the aim, 
objectives, relevance, and structure of the research.  This chapter also presents the motivation behind the international efforts to 
reduce carbon dioxide emissions and the main concerns of using first-generation biofuels as an alternative energy carrier for the 
transportation sector in Japan.  Chapter 2 reviews the state of the art regarding the use of biofuels as substitutes of fossil fuels by 
discussing about biofuel production technologies and the global current biofuel production and use.  Using a life cycle assessment 
(LCA) framework, a comparison of biofuels to other energy carriers that can be used in the transportation is also presented.  The 
other energy carriers considered were electricity, hydrogen, and some combinations of them.  In this LCA, not only the fuel’s 
pathway was considered but also the vehicle’s.  Taking into account both pathways gives a more accurate framework to evaluate the 
different options.  Chapter 3 estimates the changes in intermediate consumption, GDP, and carbon dioxide emissions in Japan caused 
by the replacement of gasoline and diesel with bioethanol and biodiesel, respectively, in the passenger transportation sector.  An 
Input-Output (I-O) model is used to make the estimations.  The approach employed using this model is as follows.  (1) An 
economy currently not using biofuels is characterized by three parameters in a determined year (2011 for this particular case) to be 
used as a benchmark; (2) the introduction of biofuels into this economy is simulated by using the I-O model; and (3) the three 
characterization parameters are estimated after the introduction of biofuels and compared against the benchmark to assess how the 
economy reacted.  Chapter 4 investigates the impacts of introducing first-generation biofuels into an economy, with a particular 
interest of these consequences over the economic sectors responsible of producing food.  It inquires the relationship between biofuel 
production and food production and their tradeoffs, looking to answer whether biofuel production causes food price to increase.  
Bioethanol produced from rice to be blended with gasoline is the case study analyzed in this chapter, and the analysis is performed 
using a computable general equilibrium (CGE) model.  The CGE model is a comparative-static, multisector model that maximizes 
profits for producers subject to technological constraints, and maximizes utility for consumers subject to budget constraints.  The use 
of a CGE model for this chapter was needed because the model integrates the relations between quantity and price in the different 
sectors of an economy.  Chapter 5 calculates the carbon dioxide emissions abatement costs based on the results of chapter three.  
Then, the chapter discusses about the biofuels’ perspectives in Japan based on the compilation of results of chapters three and four, and 
a review of Japanese statistics on the use of biofuels.  The chapter ends by providing guidelines for the design of a biofuel policy in 
Japan that takes into account the main results of this research.  Chapter 6 summarizes the work presented in this dissertation and lists 
the main findings and limitations.  The main findings of this work are as follows.  (1) The changes in intermediate consumption and 
GDP varies in function of the feedstocks and transportation modes used in the biofuel production process.  (2) The change in 
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intermediate consumption as the result of producing domestically first-generation biofuels in Japan varies from a reduction of 0.49% 
(bioethanol from wheat) to an increase of 0.03% (bioethanol from sugar beet).  (3) Similarly, the change in GDP ranges from a 
reduction of 0.25% (bioethanol from wheat) to an increase of 0.27% (bioethanol from rice).  (4) The reduction in carbon dioxide 
emissions varies from 1.13% (producing bioethanol from rice) to 2.84% (if the bioethanol comes from sugar beet).  (5) The food 
sector is not affected significantly by the introduction of ethanol produced from rice in Japan.  (6) Replacing fossil fuels with biofuels 
in the transportation sectors analyzed is not enough to achieve Japan’s carbon emissions reduction long-term targets, but it offers a 
good starting point: 88% of the target reduction by 2030 in the transportation sector can be achieved.  (7) Placing together all the 
results of this research, it was found that biofuels are a suitable transition energy carrier for the transportation sector while the 
production technologies of more efficient carriers, such as electricity and hydrogen, are being decarbonized.  Therefore, (8) the 
implementation of a policy that helps first-generation biofuels to be set as the transition energy carrier towards more efficient ones in 
the Japanese transportation sector is appropriate.  On the other hand, the main limitations of the dissertation are as follows.  (a) 
Many input data values are obtained from other countries than Japan.  For example, transportation costs and biofuel production costs 
for feedstocks different to rice.  (b) The biofuel sector is modeled indirectly, for the database used to calibrate the models does not 
include a biofuel sector.  (c) The results of the models used in this dissertation depend heavily on the database used for calibration, 
limiting thus the findings of this work to the Japanese economy. 
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